SUMMARY PAGE THE-PROBLEM
The Naval Aviator's Speech Discrimination Test was formulated in 1964 and has been utilized by the Bureau of Medicine and Surgery in evaluating aviators who fail to meet the hearing standards for aviation. A survey of equipment used in the Navy's Hearing Conservation Program revealed that no suitable device existed for admiinistering this test.
FINDINGS
Two similar systems of test presentation have been developed and are in current use at eighteen Navy and Marine Corps installations. These devices produce the properly controlled test materials for the Naval Aviator's Speech Discrimination Test and am easily operated by trained corpsmen. For several years prior to 1964 the Navy was faced with the problem of losing the services of its senior aviators who, by the nature of their duties, had sustained a hearing loss exceeding the physical standards. It was reasonable to request waivers for such hearing losses since the men showed no apparent loss in ability to communicate and were otherwise highly qualified. Since an objective. iist was necessary to provide a sound basis for such waivers, the Naval Aviator's Speech Discrimination Test (NASDT) was formulated as requested by the Bureau of Medicine and Surgery and was validated in 1964 (1) . Since that time, the test has been utilized for further evaluation of aviators who fail to meet the hearing standards for aviation.
The nature of the test, which involves a listening task for high-level speech signals with a simulated noise background, requires some form of speech audiometer or modified tape recorder and earphone configuration. The high speech levels of 115 db sound pressure level (SPL) preclude the use of all but the most sophisticated diagnostic audiometers. In order to make the test accessible to the majority of aviation activities a system utilizing a tape cartridge player was developed. Two similar systems of test presentation are now in current use at eighteen Navy and Marine Corps installations. This report presents the considerations which led to the development of the two systems, and additional information is included to enable the user of either system to administer the test properly.
BACKGROUND
The task of maintaining voice communications in the aircraft cock,4it requires listening to high-level speech signals with a high ambient noise backgroul d. Many aviators with thousands of hours' flight time, primarily in propeller-./pe ,ircraft, have a characteristic "notch" or loss of hearing in the higher audiometric frequencies. It has been found (1), however, that there is no consistent relationship between the aviator's ability to understand speech at high levels in a noise background and the configuration of the pure-tone threshold audiogram currently used to evaluate hearing acuity. Indeed, many aviators who have extensive hearing losses as determined by audiometric evaluation show no loss in their speech discrimination for words presented in a simulated cockpit environment.
The NASDT is a test to determine the aviator's ability to understand speech signals embedded in a background of aircraft noise, This test is used as the basis for j' ying waivers for hearing losses which exceed the standards, The NASDT, there-.,provideý the Bureau of Medicine and Surgery with a means of evaluating the aviator's hearing capability in terms of the operational environment as opposed to the application 9f a fixed standard of physical fitness.
I" GENERAL DESCRIPTION OF TEST
The test signals which comprised the NASDT were a list of 100 one-syllable words mixed with a background of aircraft noise. The word lists are "phonetically balanced" (PB) words taken from disc recordings originally produced by the Central Institute for the Deaf and used as Auditory Test W-22 (2) . These discs were rerecorded on a master tape system. The particular noise used in this test was a recording of the inf light noise from a UC-45J aircraft in normal cruise. The word lists and noise tapes were mixed to produce a master tape used for the preparation of identical copies for the playback units. Due to the particular vowel -to-consorlant ratio of speech signals on these voice recordings and the aircraft noise spectrum, a signal-to-noise ratio of +15 db was established as the desired relationship. That is, the speech peaks were set 15 db above the background noise level. This ratio was monitored during the recording and copying process on a Bruel & Kjoer Model 2305 Level Recorder which showed the root-mean-square value of noise level relative to the speech peaks.
APPARATUS THE REVERE M-3 SYSTEM
One of %he systems in use for the NASDT is the Revere M-3 tape cartridge player ( Figure 1 ) which handles the cartridge automatically. Certain minor changes were made to prevent mishandling or incorrect operation; e.g., the rewind and repeat controls were disabled, the tone and volume controls locked, and the loud speakers removed. A group of earphone driver units were selected for uniform frequency response at the operating level of the test. Pairs of phones were matched within 2 db for each instrument. Since the Revere M-3 System tape was of nonstandard width, copies of the master tape were recorded on a Revere M-2 tape cartridge recorder. All machines were then aligned and a level recording made for detection of tape flaws and recording level changes. To aid the user of this system, Appendix A presents the detailed procedure for the test and troubleshooting information for the equipment operator.
THE COUSINO AR-7328 SYSTEM
Another sy-stem currently used for the NASDT is the Cousino AR-7328 Audio Repeater tape cartridge player (Figure 2 ). This device is much simpler tha.n the Revere M-3 and provides tape reproduction within acceptable limits for the test. The tape cartridge is of the endless-loop type. A foil sensing strip at the end of the test recording automatically shuts the machine off. As in the case of the Revere M-3, the volume controls were locked and the loud speakers removed. Appendix B contains the detailed procedure and technical information for this system. 
SYSTEM CALIBRATION
After the modifications were made and the machines were "run in" for many hours, each system was calibrated with its own headset and tapes. A BrUel & Kjaer Model 2203 Sound Level Meter, used with a standard earphone coupler, was set to the "fast" meter speed and the "C" weighting response. The earphone was placed over the coupler, and the volume control of the tape player was adjusted so that the background noise averaged 100 db SPL, and the speech peaks, approximately 115 db SPL. Because the PB words have different acoustical levels for the vowel sounds, the speech peaks actually varied from 105 db to 118 db SPL.
METHOD OF TEST ADMINISTRATION
Any aviator who fails to meet the minimum hearing standards as prescribed in the Manual of the Medical Department (3) should be given the NASDT form IA2A. He should be apprised of the test and arrangements made to take the test at one of the installations listed in Appendix C. The procedures and instructions to the subject are given in Appendix D. These instructions may be reproduced and handed to the subject prior to the test.
SCORING THE TEST AND REPORTING THE DATA
A list of the correct responses to each of two forms (1A2A and 1 B2B) of the test is provided with each machine and is presented in Appendix E. These answer sheets should be kept in a safe place, and subjects should not be allowed to see them either before or after taking the test. Subjects must not be told the correct responses to test items, as this may aid them in taking the test in the future. For the some reason, subjects should not be allowed to see the scoring process. ! Each word counts one percentage point. In order for a response to be graded as correct, the exact sound of the word must be written. Incorrect spelling will not be cause for marking a response incorrect if the sounds are properly represented. For example, "sea," "see," and "c" are acceptable, but the plural "seas" is incorrect. The answer sheet shows some of the commonly used acceptable variations in spelling, but there may be others which do not appear there.
A score of 70 per cent constitutes a passing grade. If the aviator's score is /0 per cent or better, this grade is reported to the Bureau of Medicine and Surgery, and a waiver is requested. If he fails to attain a grade of 70 per cent, he is re-tested the following day by using form IB2B. Both scores are reported, and if the second reaches the required 70 per cent, waiver is requested.
Whenever the NASDT is administered, the score should be entered on the aviator's BuMed Form 88, Section 73, along with the date and place the test was taken. Under The Naval Aviator's Speech Discrimination Test form (NAMI Form 6500/1) must be filled out completely, including current audiometric data. This form is then folded and stapled for mailing to the Naval Aerospace Medical lns0tu, te. If the pure tone audiogram was performed on an automatic audiometer, the audiogrom card should be stapled inside the folded NAMI Form 6500/1 and mailed along with it.
CONCLUSION

I
The nature of the test signals for the NASDT requires some type of speech and noise reproduction. A complete diagnostic audiometer with tape playback facilities could have been utilized, but many naval air installations do not hýve easy access to such equipment, and corpsmen with the required degree of training and experience are not readily available.
The two systems described here for the test are reJab~e and not difficult to operate. Should the need for maintenance arise, the units can be shipped C easily as an audiometer. Requests for information and maintenance should be directed to the Naval Aerospace Medical Institute. Listen carefully for the test word that follows. Print the word you hear or think you hear. Do not leave any blank spaces." 4. Place headset on the subject, red phone on the right ear, making sure that both ears are covered during the entire test.
5. Press PLAY button Make sure that the subject is writing words.
6. At the end of the test, press REJECT knob to the left. Machine will rewind and re-cycle. Do NOT disturb machine while it is re-cycling. When tape has rethreaded, counter should move slowly.
7. After tone sounds, press STOP button. Machine may now be turned off (press ON-OFF switch) or left on for next subject.
TROUBLESHOOTI NG
If no sound is heard from earphones:
1. Check to see that recorder is ON and earphone plug is pushed all the way in.
2. If not corrected, remove earphone plug from Left Channel jack and insert into Right Channel jack.
3. If not corrected and tape has theeaded (see next trouble check), earphones may be defective.
If tape does not thread itself (counter is running too fast and no tone is heard):
1. Open top cover, carefully pull REJECT arm toward you, twist function dial one notch clockwise to END REWi ND position, and press REJECT arm again. 
3.
If not corrected, repeat above action, but lift cartridge off cartridge table when it rises. Then, place other cartridge (1B2B) on table, and use it instead of the first.
I NSTALLATION
Testing may be carried out in any office which is free of obvious distractions. The power requirements are 110-120 volts, 60 cps AC, 1 ampere. The initial setting up procedure is as follows:
1. Unpack the recorder, earphones, and tapes. CAUTION--Do not allow tapes to remain within 6 feet of any magnetic fields of equipment such as X-ray transformers, electric motors, ECG machines, etc.
2. Insert black power cord into connector at rear of recorder.
3. Connect other end to 110-volt outlet.
4. Insert earphone plug into jack at rear marked External Speaker--Left Channel.
5.
Place tape cartridge face up on left cartridge table.
6. Press ON-OFF switch. Motor should start running and pilot light should come on.
7. Press PLAY button. Cartridge should drop down, thread itself, and cycle the indicator to PLAY. Note that the counter is now turning slowly. A tone should be heard from the earphones.
8. When the tone ends, press the STOP button.
9. To turn off machine, press ON-OFF switch.
A-2 3. Place headset on the subject, red phone on the right ear, making sure that both ears are covered during the entire test.
4. Move the POWER SWITCH quickly from START to RUN. Make sure that the subject is writing words.
5. At the end of the test, the machine will stop automatically. Remove the earphones from the subject.
TROUBLESHOOTING
1. Check to see that the power cord is plugged in and that the earphone plug is pushed all the way into its socket.
2. Move power switch to START, then move switch quickly to RUN. Note: Moving this switch too slowly (or too rapidly) will cause machine to stop. Practice will correct this problem.
3. When changing cartridges, pull the cartridge on the machine toward you gently, but firmly. Before inserting another cartridge, make sure that the cartridge holder is all the way out. Place new cartridge in holder and push firmly in until the second stop detent is felt. 
